ABSTRACT
INTRODUCTION
Peripheral neuropathy is a general term indicating the malfunction of peripheral nerves due to various causes (Ocean and Vahdat, 2004; Mielke et al., 2006) . Neuropathic pain is defined as "pain arising as a direct consequence of a lesion or disease affecting the somatosensory system" (Treede et al., 2008). These injuries arise from different pathological conditions leading to the development of neuropathic pain; such as; chemotherapy-induced peripheral neuropathy (CIPN), paraneoplastic neuropathy, inherited-induced neuropathy, diabetic peripheral neuropathic pain and human immunodeficient virus (HIV)-associated sensory neuropathy (Colleoni and Sacerdote, 2010).
Chemotherapy-induced peripheral neuropathy CIPN is a toxic neuropathy that results from the direct injury of the peripheral nervous system by the chemotherapeutic agent. It frequently complicates the use of several classes of chemotherapeutic agents; taxanes, platinum-based compounds, vinca alkaloids, epothilones and proteasome inhibitors (Walker and Ni, 2007).
The incidence of CIPN ranged widely among various studies anywhere between 10% and 100% ( Chemotherapy-induced peripheral neuropathy CIPN is dose limiting and have negative effects on quality of life and functional capacity. In addition, the onset of CIPN often results in reduced doses of chemotherapy, or discontinuation of therapy altogether, patients are unable to complete full or optimal treatment schedules, likely impacting cancer related outcomes in a negative way ( Nerve Growth Factor (NGF) was the first neurotrophic factor discovered (LeviMontalcini and Angeletti, 1968). NGF is known to play a crucial role in growth, differentiation and survival of specific neuronal population of the peripheral nervous system (Levi-Montalcini, 1987; Colangelo et al., 2008) .
Along with the increase in cancer diagnosis, new oncology therapies are discovered as the number of pharmaceutical drugs marketed for cancer continues to grow, increasing complexity in cancer treatment and its associated supportive care (Nystrom and Pick, 2013). The oncology clinical pharmacists' contribution to the safe, effective and cost effective therapeutics is increasingly recognized (Tuffaha et  al., 2012) .
The current study was designed to assess the impact of administering ALC on the incidence and severity of sensory and motor PIPN in breast cancer Egyptian patients.
PATIENTS & METHODS:
Design: prospective randomized controlled study Setting: Outpatient Clinic of the Clinical Oncology Department, Ain Shams University Hospitals, Cairo, Egypt.
Patients:
All breast cancer patients presenting to the Clinical Oncology Department were assessed for eligibility.
Inclusion criteria were:
Breast cancer patients who were scheduled for a weekly administration of paclitaxel chemotherapeutic regimen, aged between 20-65 years old.
Exclusion criteria included patients;
who have been previously exposed to CIPN, presenting with other co-morbid conditions with risk factors for neuropathies, pregnant or with End Stage Renal Disease (ESRD). Eligible patients were randomly assigned to;
Group A (Control group):
Twenty patients received paclitaxel on a weekly dose schedule 135 mg/m 2 .
Patients also received placebo oral capsules three times/day, daily throughout the whole three paclitaxel cycles.
Group B ( Test group):
patients also received ALC 1g oral capsules three times/day, daily throughout the whole three paclitaxel cycles.
METHODS:
All reported investigations in the current study have been carried out in accordance with the principles of the Declaration of Helsinki as revised in 2000. The ethical committee of Ain Shams University approved the study protocol. All patients were informed of study protocol and only those who gave a written informed consent were enrolled.
A. Baseline Evaluation:
At enrollment, through a face to face interview, the clinical pharmacist gathered the following information for both groups: a full history including medical, medication, family and social histories, laboratory investigation, full neurological examination including estimation of NCV, baseline education and estimation of NGF levels.
Baseline education:
For both groups:
-Patients were given the follow up weekly side effects reporting card.
-The follow up weekly card was used for patients' self -assessment and reporting of the frequency and the severity of sensory and motor PIPN/ day during the 12 weeks period. The main signs and symptoms reported were tingling, numbness, muscle weakness, burning sensation, stabbing-like pain, loss of sensation and hypersensitivity to mild painful stimuli.
-Patients were educated about using the follow up card, the expected signs and symptoms and how to report them.
B. Follow up assessment:
During the 12 weeks period, patients in both groups were assessed weekly as follows;
1. Patient follow-up card assessment and giving new cards.
2. Assessment of frequency and severity of sensory and motor PIPN.
3. Compliance with ALC.
C. End of study assessment:
After the 12 weeks of study duration, both groups were assessed for the following;
1. Assessment of frequency and severity of sensory and motor PIPN. 2. Follow up card assessment 3.Neurological examination including NCV examination 3. Adverse events 4. Compliance with ALC.
D. Statistical methods
Data management and analysis were performed using Statistical Package for Social Sciences (SPSS) vs. 17. Numerical data were summarized using means and standard deviations or median & ranges. Categorical data were summarized as percentages. Comparisons between the two groups were done the Mann-Whitney test. The chi-square test or the Fisher's exact test for small sample size was used to compare between the groups with respect to categorical data. P-values ≤ 0.05 were considered significant.
RESULTS:
From the time of November 2012 till December 2013, out of a total of 480 patients, only 40 patients, fulfilled the inclusion criteria and were included in the study. Patients were then randomly assigned to either group A (control) or group B (test).
I. Baseline Evaluation
At baseline, both groups were comparable in their baseline parameters with no significant difference between them except NGF levels which were significantly lower in test group versus control group (Table 1) . 
II. PIPN evaluation after intervention 1-Paclitaxel first cycle:
No significant difference was evident between the two groups in the frequency of sensory or motor neuropathy or adverse events during the first cycle.
The total number of patients who developed sensory neuropathy during 1 st cycle was 27 (67.5%), out of those; 16 (80%) were in the control group versus 11 (55%) were in the test group; p=0.091. The percentage of patients who developed the different grades of sensory neuropathy was as follows; in the control group; 20% were grade 1, 45% were grade 2 and 15% were grade 3, while in test group, 30% were grade 1 and 25% were grade 2. The total number of patients who developed motor neuropathy during 1 st cycle was 17 (42.5%), out of those; 11 (55%) were in the control group versus 6 (30%) were in the test group; p=0.110. The percentage of patients who developed the different grades of motor neuropathy was as follows; in the control group; 50% developed grade 1 and 5% developed grade 2, while in test group, 20% were grade 1 and 10% were grade 2 (Table 2 ). 
2-Paclitaxel second cycle:
In the 2nd cycle, the test group showed a significantly lower frequency of; sensory neuropathy (10 versus 17, p= 0.018) and motor neuropathy (3 versus 12, p= 0.003) versus control. The total number of patients who developed sensory neuropathy during 2 nd cycle was 27 (67.5%), out of those; 17 (85%) were in the control group versus 10 (50%) were in the test group; p=0.018. The percentage of patients who developed the different grades of sensory neuropathy was as follows; in the control group; 5% were grade 1, 40% were grade 2 and 40% were grade 3, while in test group, 45% were grade 1 and 5% were grade 2. The total number of patients who developed motor neuropathy during 2 nd cycle was 15 (37.5%), out of those; 12 (60%) were in the control group versus 3 (15%) were in the test group; p=0.003. The percentage of patients who developed the different grades of motor neuropathy was as follows; in the control group; 30% developed grade 1, 25% developed grade 2 and 5% developed grade 3, while in test group, 15% were grade 1 (Table 3) . 
3-Paclitaxel third cycle:
In the 3 rd cycle, the test group showed a significantly lower frequency of; sensory neuropathy (6 versus 18, p<0.001) and motor neuropathy (3 versus 17, p p<0.001) versus control. The total number of patients who developed sensory neuropathy during 3 rd cycle was 24 (60%), out of those; 18 (90%) were in the control group versus 6 (30%) were in the test group; p<0.001. The percentage of patients who developed the different grades of sensory neuropathy was as follows; in the control group; 5% were grade 1, 35% were grade 2 and 50% were grade 3, while in test group, 30% were grade1. Moreover the total number of patients who developed motor neuropathy during 3 rd cycle was 20 (50%), out of those; 17 (85%) were in the control group versus 3 (15%) were in the test group; p=0.003. The percentage of patients who developed the different grades of motor neuropathy was as follows; in the control group; 35% developed grade 1, 45% developed grade 2 and 5% developed grade 3, while in test group, 15% were grade 1 ( Table 4 ). 
III. NGF Assessment:
At baseline, the median plasma NGF levels were significantly lower in the test group (1.9; 1.1-20.8, p<0.001) versus the control (9.5; 1.4-35). At the end of the study, the median NGF levels were significantly lower (2.4, p=0.02) in the control group versus their initial baseline levels, while, the test group median levels were higher than their baseline levels. The delta change in NGF was significantly different between the 2 groups (p<0.001) ( Table 5 , Figure 1 ). 
IV. Nerve Conduction Velocity:
The nerve conduction velocity was not significantly different between the 2 groups neither at baseline nor at the end. NCV was normal study for all patients in both groups except one patients in control group.
DISCUSSION:
Findings of the current study have shown beneficial effect of ALC on PIPN.
ALC caused reduction in the frequency and the severity of sensory and motor PIPN in breast cancer patients on weekly paclitaxel chemotherapy. Also ALC administration improved NGF serum levels in the test group patients compared to the control group.
Chemotherapy-induced peripheral neuropathy is the most common neurological complication in cancer treatment1 and probably the most common toxic neuropathy in our environment (Velasco and Bruna, 2010).
The importance of CIPN being a dose-limiting factor (Wolf et al., 2008) , a common cause of discomfort that interferes with daily activities, quality of life and survival in patients with cancer and its direct impact on rehabilitation (Cata et al.,
2006; Argyriou et al., 2012).
The oncology clinical pharmacists' contribution to the safe, effective and cost effective therapeutics is increasingly recognized (Tuffaha et al., 2012 ), yet the role of oncology clinical pharmacists is still underutilized and its outcome was not properly investigated in Egypt.
The current study aimed to evaluate the effect of ALC on PIPN in Egyptian breast cancer patients To our knowledge, this is the first study to investigate the ALC neuroprotective effect in PIPN.
Over the last decade several studies have shown that ALC, a naturally occurring ester of L-carnitine, can be used to protect against and treat painful neuropathies. These In the first cycle, both groups showed no significant difference in frequency of sensory or motor neuropathy or adverse events occurrence. In the 2 nd cycle, test group showed a significantly lower frequency of sensory neuropathy and motor neuropathy versus control. In the 3 rd cycle, test group showed a significantly lower frequency of sensory neuropathy and motor neuropathy versus control. The NCV was not significantly different between 2 groups neither at baseline nor at the end.
At baseline, the median NGF levels were significantly lower in test group versus control. At the end of the study just before the 4 th cycle the median NGF levels were significantly lower in the control group versus their initial baseline levels. While, the test group median levels were higher than their baseline levels. The delta change in NGF was significantly different between the 2 groups.
Our during therapy, or grade 2 persisting for at least three months after discontinuing the drugs with independent neurologist assessment for patients before and after ALC. All patients except one reported symptomatic relief, and only two described grade 1 nausea. The sensory neuropathy grade improved in 15 of 25 (60%), and motor neuropathy in 11 of 14 patients (79%). Total neuropathy score (TNS) that included neurophysiologic measures improved in 23 (92%). Amelioration of sensory amplitude and conduction velocity (sural and peroneal nerves) was measured in 22 and 21 patients, respectively. Symptomatic improvement persisted in 12 of 13 evaluable patients at median 13 months after ALC.
In the current study, ALC has not shown evidence of neither tumor potentiation nor deleterious effect on the cytotoxicity of paclitaxel which is in accordance with the results presented in previous studies ( 
Conclusion:
It can be concluded from the current study, that ALC decreases the frequency and the severity of PIPN. ALC is a tolerable agent with no reported side effects and a favorable patient compliance. CIPN and PIPN are still an unresolved problem as regards its prevention or treatment. Therefore, a new therapeutic approach would have a potential and beneficial role.
